UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. : 6,707,529 Bl 

APPLICATION NO. : 09/913328 
DATED : March 16, 2004 

rNVENTOR(S) : Aoki et al. 



Page 1 of 20 



It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 



PLEASE DELETE ENTIRE PATENT TITLE PAGE, DRAWINGS 1 THROUGH 
10, AND COLUMNS 1 THROUGH 44 

AND INSERT TITLE PAGE, DRAWINGS 1 THROUGH 4, AND COLUMNS 1 

THROUGH 28 AS SHOWN ON THE ATTACHED PAGES. 



Xis Cadv^O^t ^u^<S^-«6 C^k{K\^ CdU^\6a 




(12) United States Patent 

Aoki et aL 



US006707529B1 

(10) Patent No.: US 6,707,529 Bl 
(45) Date of Patent: Mar. 16, 2004 



(54) EXPOSURE METHOD AND APPARATUS 

(75) Inventors: Takeshi Aokl, Chiyoda-ku (JP); 

Naoinasa Shiraishi, Chiyoda-ku (JP); 
Solchl Owa, Chiyoda-ku (JP) 

(73) Assignee: Nikon Corporation, Tokyo (JP) 

(*) Notice: Subject to any disclaimer, the term of this 
. patent is extended or adjusted under 35 
U.S.C. 154(b) by 0 days. 

(21) AppLNo.: 09^13,328 

(22) PCT Filed: Feb. 8, 2000 

(86) PCT No.: PCT/JPOO/00676 
§371(cXl), 

(2), (4) Date: Oct 15, 2001 

(87) PCTPub.No.: WOOO/48237 
PCT Pub. Date: Aug. 17, 2000 

(30) Foreign Application Priority Data 
Feb. 12, 19P9 (JP) 11/34897 

(51) Int. Cl.^ G03B 27/52; G03B 27/42 

(52) VS. d 355/30; 355/53 

(58) Field of Search 355/53,67,69-71, 

355/30 

(56) References Cited 

U.S. PATENT DOCUMENTS 

4,690,528 A 9/1987 Tammoto et al. 

4,825,453 A * 4/1989 Kembo et al 378/34 

5,425,045 A 6/1995 Hamatani 

5,430,303 A 7/1995 Matsumoto et al. 

5,559,584 A 9/1996 Miyaji et al 355/73 

5,696,623 A 12/1997 Fujie et al. 



6,208,406 Bl 3/2001 Nakashima 

6,222,610 Bl 4/2001 Hagiwara et al. 

6,252,648 Bl * 6/2001 Hase et al 355/53 

6,335,787 Bl ♦ 1/2002 Nishi 355/87 

2002/0033943 Al 3/2002 Ishii 

FOREIGN PATENT DOCUMENTS 



JP 


61-79228 


* 4/1986 


JP 


6M36227 A 


6/1986 


JP 


62-286226 


12/1987 


JP 


62-286226 A 


12/1987 


JP 


9-162117 


6/1997 


JP 


9-162117 A 


6/1997 


JP 


10-284410 A 


10/1998 


wo 


WO 99/25010 Al 


5/1999 



OTHER PUBLICATIONS 

International Preliminary Examination Report for Interna- 
tional Application No. PCT/JPOO/00676 (Apr. 24, 2001), 

* cited by examiner 

Primary Examiner-— Henry Hung Nguyen 

(74) Attorney, Agent, or Fwtw— Oliff & Berridge PLC 

(57) ABSTRACT 

An exposure apparatus havmg an illumination system which 
applies an e;q)osure energy beam to a mask on which a 
pattern for transfer is formed, and a stage system for 
positioning a substrate to which the patton of the mask is 
transferred, is characterized in that: a gas supply ^paratus 
for si^yplying a gas of hi^ transmittivity with respect to the 
exposure energy beam, and having good thermal 
conductivity, to at least a portion of an optical path of the 
exposure energy beam, and a gas recovery apparatus for 
recovering at least a portion of the gas after the gas is 
siqjplied to the optical path of tiie e?q>osure energy beam 
from the gas supply apparatus, are provided. 

44 Claims, 4 Dramng Sheets 
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EXPOSURE METHOD AND APPARATUS violet light is greatly absorbed by the absorption substances. 

For this reason, it is hard to cause the vacuum ultraviolet 

This application is the national phase under 35U.S.C. light to reach a wafer through a reticle with a sufficient 

IIVJ^^'""!^^^ International Application No. PCT/JPOO/ illuminance. In order to prevent the illuminance on the wafer 

00676 which has an International filing date of Feb. 8, 2000 5 from being reduced, it is necessary to decrease the amount 

i\l/^^'rt h V"'^?* of America the entire ^f the absorption substance on the optical path of the 

contents of which are hereby mcoiporated by reference. exposure beam or to eliminate the absoiption substance, 

DESCRIPTION thereby increasing the transmittance of the optical path. For 

1 Technical Field purpose, there has been proposed a method of uniformly 
liie present invention relates to an exposure method and '^P^^S the amount of the absoiption substance on aU the 

apparatus to be used when a predetermined pattern is to be ^^^^ ^\ eliminating the 

transferred onto a substrate in a lithographic process for absorption substanc^ thereby collectively managmg the 

manufkctiiting a semiconductor device, an image pick-up ^^^^^^ ^T' '^^^ absorption substance is 

device (a CCD or the like), a licprid crystal display elemenf cdtectivdy manag^ mcluA^ the vicmity of a movable 

atbinfilmmagneticheadorthelike,forexample;andmore Potion siwh as a reticle stage or a m^^^ 

particularly, the present invention can be3ly used for a Portion of the lUummating optical system and the like, a 

VUV Ught (Vacuum Ultraviolet Ughl) having a wavelength ^echamsm might become comphcated partially to maease 

of approximately 200 nm or less as an exposure beam manufectunng cost of the exposure apparatus and the 

2 Background Art runnmg cost of the exposure apparatiis. 

In the Uthographic Focess for mamifectiiring a semicon- I^.considenilion of such a respect it is a first object to 

ductor device or the like, there have been ised various f^"^^ ^ exposure method capable of increasing the 

exposure apparatuses such as a reducing projection type ^«°»mance of an exposure beam on a ttansfer object. 

e?iposure apparatus, for example, a stepper, to transfer a Moreova, it is a second object of the presait invention to 

reticle pattern to be a mask onto a wafer (or a glass plate or 25 P^^^ ^ exposure method enable of increasing the 

the like) coated with a resist (photosensitive material) to be illuminance of an ej^sure beam on a transfer otoect in tiie 

a substrate, a iHOximity type ejqwsure apparatus for directly ^® ^ which an exposure beam capable of bdng easily 

transferringarrticlepattOTionawafer, andthelike. Intfae absorbed by various substances, for example, a vacuum 

e3q)osure apparatus of this kind, conventionally, an ultiavio- violet light is to be used. In particular, it is an object of the 

let light such as i rays of a mercury lf»mp (a wavelength of 30 P^^escnt invention to provide an e^x)Sure method enable of 

365 nm) or a KrF excimer laser beam (a wavelength of 248 increasmg flie illuminance of an ejqwsure beam on a ti:ansfer 

mn) has been used as an e?q>osure beam (exposure ligM). object without wholly complicating a mechanism or greatly 

hi ordo: to obtam a higher resolution corresponding to an mcaeasing the running cost 

niciease in int^ration of a semiconductor integrated drcuit Furthermore, it is an object of the present invention to 

or the like, recently, the wavelength of the exposure beam 35 provide an exposure ^paratus capable of carrying out the 

has been more shortaied, Ihe practical use of the ArF ensure method and a metiiod of manu&cturing a device 

excimer laser beam (a wavelength ofl93nm) has come to using the exposure method 

afinalstage.AnF2laserbeam(awavelaigthofl57nm)has ^^^^^^ ^r.^^^ ^^r^^ . 

also been stiided as an advanced exposi^ DISCLOSURE OF IHE INVENTION 

other hand, a desired value of an energy (illuminance) of an 40 Ihe present invention provides a first exposure method 

ensure beam to be irradiated on a reticle (wafer) per unit which tiansfo^ a predetermined pattern onto a substiate by 

time has been increased in order to enhance the througlq)ut using an exposure beam firom an exposure light source, 

of the exposure apparatus. Referring to a dioptiic member wherein an optical path of the ©qwsure beam fiom the 

such as a lens in an illuminating optical system or a exposure light source to the substiate is divided into a 

projwting optical systan, synthetic silica glass, fluorite or 45 plurality of partial optical paths and concentiations of an 

the like having a high transmittance to a tight having a absorption substance which absorbs the exposure beam are 

wavelength of approximately 200 nm has been used. respectively managed indepeadoitly of each other for the 

As the exposure beam for the e^osmre apparatus, phnahty of the partial optical paths, 

recently, the utilization of a vacuum ultiiaviolet Ught (VUV According to the above-maitioned present invention, tiie 

Ught) ha\Tng a wavelength of approximately 200 nm or less 50 optical path of the e?ii)0sure beam is divided into a first 

has been inv^tigated, and tiie use of a glass material having partial optical path including an optical path of an illumi- 

a high ti:ansmittance to the vacuum ulti-aviolet Ught has been nating optical system and a second partial optical path, 

investigated for the dioptiic member in tiie iUuminating which is located in tiie vicinity of a movable member such 

optical system or the tike. Referring to the e?qx)sure beam, as a stage system, into which not only tiie outside air but also 

however, a substance (hereinafter referred to as an absorp- 55 an absorption substance absorbing the exposure beam is 

tion substance) for absorbing the exposed beam to greatiy easily mixed, but which has a shorter optical patii length 

reduce the ti-ansmittance of the exposure beam is present in than tiie first partial optical path, for example. As compared 

the atmosphere on an optical path in addition to the dioptric with tiie first partial optical patii, for example, the allowable 

member. The absorption substance is varied depending on concentration of the absorption substance contained in the 

tiie wavelengtii of the exposure beam, hi the normal air, 60 second partial optical path is allowed to be increased, and by 

ozone or the tike acts as the absorption substance for a Ught managing the concentration of the absorption substance in 

having a wavelength of 200 nm or more, and oxygen the first partial optical patii and tiie second partial optical 

molecules contained in the air, water molecules, carbon pathindependentiy of each other by eUminating the absorp- 

dioxide molecules and tiie like act as tiie absorption sub- tion substance and the Uke, the illuminance of the exposure 

stances for the vacuum ulti-aviolet Ught. 65 beam (a pulse energy in the case of a pulse light) on the 

In the case in which tiie air is suppUed to the optical path substi^ate can be increased without greatly complicating a 

ofthevaeuum ultravioletUght, therefore, the vacuum ultra- mechanism such as a closing mechanism (an airtight 
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mechanism) of each partial optical path or an eliminating Furthermore, the concentration of the absorption sub- 
mechanism for the absorption substance. stance is allowed to be increased in the mask operating 

In place of the concentration of the absorption substance, portion and the substrate operating portion and the concen- 

the total amount of the absorption substance in the partial tration (or the total amount) of the absorption substance is 

optical path may be managed, 5 managed independently of other illumination system por- 

Furthermore, the present invention provides a second tions and projecting optical system portions. Consequently, 

exposure method wliich irradiates an exposure beam from an illuminance of the exposure beam can be increased 

exposure light source onto a mask through an illumination without complicating a control mechanism in the illumiiia- 

system and transfers a pattern of the mask onto a substrate ^on system portion and the projecting optical system por- 

through a projecting optical system, wherein an optical path jq ^ ^^^^ words, in the case in which the concentration 

of the exposure beam fix)m the e;qx)sure light source to the (amount) of the absorption substance in each of the mask 

substrate is divided into a plurality of partial optical paths operating portion and the substrate opaating portion is 

including an illumination system portion in the illumination increased and in such a situation that the d^ee of seaUng 

system, a mask operating portion provided around the mas^ is enhanced for each partial optical path, the mask operating 

a projectii^ optical system portion including at least a part portion and tiie substrate operating portion take countennea- 

of the piojecting optical systm and a substrate operating sures independently of other portions to solve the problems 

portion including an upper portion of the substrate, and (the concentration is managed to reduce the concentration of 

concentrations of an absorption substance which absorbs the the absorption substance). Consequently, the other portions 

ejqwsure beam are respectively managed independently of affected by an increase in the concentration (amount) 

each other for the pluraUty of the partial optical paths. ^he absorption substance. In the other portions, therefore, 

According to the above-mentioned inresent invention, the ^ concentration can easity be managed and the running 
outside air (absorption substance) is comparatively l^s ^ost can also be reduced. On the ofcer hand, in the case in 
mixed m the dlummation system portion. Mmeoya, the ^^ich the degree of sealing is not increased for each partial 
mask operating portion has more moA^le portions to optical path ^d the cStration on the whole opticdp^ 
exchange and to position a mask and therefore flie outside air y^"^ w*iwu«a«v^ vxx wt^vx^. vj/^w* 
isS mixed to«in. Hie projectingoS^^topo^ 25 « coU«*vely managed, the oflier portions are adversely 
tion ZZcTZ^^S^Tl^S^o^. ^1^?^ ^ concentration is mcrnsed in a part of 
ating portion has more movable portions to exchange and to me optical patn. ... 
position a substrate. Moreover, the illumination system ^ ^ 5*se, when the exposure beam is a light m a 
portion and the projecting optical system portion have vacuum violet r^on, an example of flie absorption sub- 
longer optical path leng&stiiian the optical path lengtii of &e 30 stance includes oxygen, water or carbon dioxide and an 
mask operating portion or the substrate operiating portion, exanq)leofagashavmgahightransmitttoceisiutrogenand 
and a fluctuation in the amount of each component in the * 8^ such helium, neon or argon or a mixed gas 
atmosphere on &e optical path is small, vMi^ the mask combining them. 

operating portion atvI flie substrate operating portion have present invention provides a third e^)0sure method 
shorter optical path lengths than the optical path length of 35 which transfm a predetermined pattern onto a substrate by 
the illuminating optical system portion or the projecting . using an e7qx)sure beam transmitted ftom an exposure light 
optical system portion and the fluctuation in the amount of source, wherein an optical path of the e3qx)sure beam fiom 
each component in the atmosphere on the optical path is the exposure light source to the substrate is divided into a 
great. As an example, a sealing property is enhanced for plurality of partial optical paths and transmittances of the 
these partial optical paths, the flow of the absorption sub- 40 exposure beam are respectively managed independentiy of 
stance fix)m the outside is ahnost blodced and the concen- each oflier for the plurality of the partial optical paths, 
tration of the absorption substance in the inner portion is According to the presort invention, for example, the degree 
managed independentiy for each partial optical path. ofintemal vacuum, the concentration (total amount) of a gas 
In order to reduce or eliminate the absorption substance having a high transmittarice in the inner portion, the con- 
on each partial optical path, for example, the allowable 45 cmtration (total amount) of the absorption substance in the 
concentrations of the absorption substance are indepea- portion or the like is managed independentiy for the 
dentiy set for every partial optical path. In this case, the plurality of the partial optical paths. Consequently, it is 
optical path is short in the mask operating portion and ttie possible to wholly simplify a mechanism, and ftrthermore, 
substrate operating portioa As one of control methods, to efficientiy increase the illuminance of (a pulse energy in 
therefore, the allowable concenti^on of the absorption 50 the case ofa pulse Hght) the exposure beam on the substiate. 
substance is allowed to be higher than that of other portions. The present invention provides a fourth exposure method 
In the partial optical path in which the concenti:ation of the which tiansfm a predetermined pattem onto a substrate by 
absorption substance exceeds the allowable concentration, using an 'exposure beam transmitted from an exposure light 
exhaust (or pressure reduction) is carried out in the inner • source, wherein an optical path of the exposure beam from 
portion thereof. If necessary, then, a gas having a low 55 the exposure light source to the substrate is divided into a 
absorptivity (a high transmittance) to the exposure beam is plurality of partial optical paths and concentrations of a gas 
supplied to the inner portion, for example. Consequently, the in the plurality of the partial optical paths are managed 
concentration ofthe absorption substance is managed to be independently of each other. According to the present 
equal to or lower than the allowable concentration set for invention, in the case in which the gas, although having 
each partial optical path and the illuminance ofthe exposure 60 differences in extent for the exposure beam, acts as absorp- 
beam on the substrate can be enhanced. Consequently, the tion substance, the concentrations of the gas are managed 
mask pattem can be transferred onto the substrate with high independently of each other so that the illuminance of the 
precision and liigh throughput. In this case, particularly, the exposure beam can be iiicreased 04 the substrate in tlie same 
structures of the mask operating portion and the substi*ate manner as in the first exposure method, 
operating portion can be relatively simplified as compared 65 In this case, the concentrations ofthe gas in the plurality 
with the case in which the concentration ofthe absorption ofthe partial optical paths may be managed depending on 
substance is collectively managed in the whole optical path. the lengths ofthe partial optical paths. Alternatively, the 
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concentrations of the gas may be managed depending on the embodiment in accordance with the present invention, a part 

frequencies of such as the in-and-out operation of the of which is taken away. 

substrate between the partial opU^^ piG, 2 is a view showing an end face along a section 

Examples of Uie gas of which concentraUons are to be example of the structures of a projecting 

S"c^^Sj S^^ ' optical system PL and a barrel 3 in FIG. 1. ^ 

The present invention provides a first exposure apparatus 1^°-/ ^ schematic view showing the structure of a main 

which transfers a predetennined pattern onto a subsUate by f ^ projecting exposure apparatus according to a 

using an exposure beam transmitted fiom an exposure Hght embodmient of the present mvention. a part of which 

source, comprising a plurality of chambers which covers a ,q ^ ^^^y* 

plurality of partial optical paths formed by dividing an FIG- 4 is a view showing a structure torn a projecting 

optical path of the e7qx)sure beam fiom the exposure light optical system PLl to a wafer stage 23 according to a third 

source to the substrate to substantially isolate the plurality of embodiment of the present invention, a part of which is 

the partial optical paths from outside air, respectively, and a taken away, 
controller which manages ooncenlrations of an absorption 

substance in the plurality of the chambers independently of BEST MODE FOR CARRYING OUT THE 

each other. According to the present invention, the first INVENTION 

exposure method can be c^^ A preferred first embodiment ofthe present invention wUl 

J?n?"ihtK™ ^ <>^scribed below with reference to FIGS. 1 and 2. In the 

sensor which measures the concentrations of the absorption ««.«*nf ^l^r^Ai1r^^ a« •««c«i+ la ^^a^ « 

substance for absorbing the exposure beam in the pliiality 20 presrat embodiment, the i^eseirt mv«^^^^ 

of the chambers andL elStor S dSS^ ptojectmg ewe apparatus of a step 

absorption substance in the phnality of the chambers, and ^ vacmim violet bght as an exposure beam, 

flie controller manages the concentrations of the absorbtion lisB, view showing the schematic structure of the 

s\istance through the eliminator according to the result of projecting ensure apparatus according to the present 

measurement of the concentration sensor. 25 embodiment, a part of which is taken away. In FIG. 1, a 

fiithis case, furfiiecmore, when the predetermined pattern mechanism portion of the projecting e;^sure apparatus 

is a pattern formed on a mas^ the mask is illuminated by an according to the present embodiment is roughly divided into 

illuminating optical system, a mask pattern is transf^ied an illuminating optical system portion 5, a reticle operating 

onto tide siistrate through a projecting qytical system, it is portion 6, a projecting optical system PL and a wafer 

desirable tibat the phnality of the chambers indude a &st 30 operating portion 7. Furthermore, the illummating optical 

chamber whidi covers an illuminating system portion in an system portion 5, tiie reticle operating portion 6, tiie pro- 

ill umiTMting system for tiie e?qx)sure beam, a second diam- jecting optical system PL and flie wafer operating portion 7 

berwtich covers a niaskopoating portion around the mask, are accommodated in an ilhuninating system chamber 1, a 

a fliird chambo: which covers a projecting optical systan letide chamber 2, a battel 3 and a wafer chamber 4 to be 

portion mcluding at least a part of tiie projecting optical isolated fix)m the outside air with a high d^ee of sealing, 

S;^^!^- """^^i "^^""^ a substrate respectively. Furthermore, the projecting exposure apparatus 

S^^tn^^'^i!^*;^^ ^ to tiie present emb^dii^ Xuy acibmmo- 

S^^^SiiS^ ^1^ 3'^.'^^'^ '"^^^ dated b^ne large diamber in whidi tiie temp^ture of an 

tne present mvention can be carried out. MoreovQ', the inner • ^ 1 ^-i? 1 j • x • v!^*, . . . 

portions of tiie first to fourth chambers may Z ScdMo ^^if^/ ^T^^^' ^> ^ a 

a pluraUtyofpartial chambers whidi are isolated fiom each predetermmed target range. 



In the illuminating optical system portion 5, first of all, an 

The present invention provides a tiiird exposure apparatus ^2 generating a pulse laso* beam 

which transfers a predet^mined pattern onto a substrate by jiaving a wavelengtliof 157 nm m a vacuum ultraviolet area 

using an exposure beam transmitted fiom an exposure light ^ an ejqwsure light source 11, and tiie emittiog end 

source, comprising a plurality of chambers which covers a 45 of the e?qx)sure light source 11 is insated into the lower side 

plundity of partial optical patiis formed by dividing an surfkce of the illuminating system chamber 1. Diffing 

optical patii of tiie exposure beam fitim the exposure light e?q>osure, an illumination li^ht IL (exposure beam) emitted 

source to the substrate to be substantially isolate the plurality ^ exposure light source 11 into tiie illuminating 

of the partial optical patiis fiom outside air, respectively, and system chamber 1 is reflected upward by a mirror 12 and is 

a controller whidi manages concentrations of a gas in tiie 50 incident on a % eye lens (or a rod lens) 14 to be an optical 

plurality of the chambers independentiy of each other. With hitegrator (homogenizer) through an automatic following 

tills, tiie fourth exposure metiiod according to tiie present portion for aligning an optical axis shift caused by a vibra- 

invention can be carried out. tion or the like which is not shown and a beam reshaping 

Moreover, tiie method of manufacturing a device accord- ?^^^ ^^^^ reshaping tiie sectional shape of tiie 

ing to tiie present invention comprises a step of transferring illuminating system and controlling tiie amount of a Light 

a predetermined pattern onto tiie substrate in such a state tiiat ^ aperture diaphragm (not shown) is provided on tiie 

an illuminance of an exposure beam is managed on the eniittmg surface of tiie fly eye lens 14 and an illumination 

substrate by using the above-mentioned exposure metiiods ^^^^ ^ emitted fi-om the fly eye lens 14 and passing through 

according to the present invention, hi this case, the illumi- aperture diaphragm is reflected in an ahnost horizontal 

nance of the exposure beam on tiie substrate is high, ^0 direction tiirough a mirror 15 and reaches a field stop (reticle 

Therefore, it is possible to mass produce a semiconductor ^^^) through a relay lens 16. 

device or the like witii high tiiroughput. A surface on which tiie field stop 17 is provided is ahnost 

RRTPF nv^rvwTjn^ nv rm? mrimx:^ tkt conjugated with a pattern surface of a reticle R of an 

BRIEF ^^SCRJ^ION OT^ FIGURES IN exposure object, and the field stop 17 includes a fixed blind 

inb UKAV\^lNCjt> g5 gjj. (iefining tiie shape of a slender and rectangular iUumi- 

. FIG. 1 is a schematic view showing the structure of a nation region on tiie pattern surface and a movable blind for 

projecting exposm-e apparatus according to an example of an closing the illumination region to prevent exposure to an 
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unnecessary portion during the start and end of scanning and 
exposure. The illumination light IL passing through the field 
stop 17 illuminates, with a uniform illumination distribution, 
a rectangular (slit-shaped) illumination region on the pattern 
surface of the reticle R through a relay lens 18, a mirror 19 
and a condenser lens system 20 fixed to the tip portion of the 
illimiinating system chamber 1. The exposure light source 11 
to the condenser lens system 20 constitute the illuminating 
optical system portion 5, and the optical path of the illumi- 
nation light IL in the illuminating optical system portion 5, 
that is, the optical path fix)m the exposure light source 11 to 
the condenser lens system 20 is closed by ttie illuminating 
system chamber 1. 

Based on the illumination light IL, a pattern image in the 
illumination region of the reticle R is projected onto the 
wafer W coated vdHi a photoresist to be a substrate with a 
projection magnification P (P is ^, Vs or the like, for 
example) through the projecting optical system PL. The 
wafer (wafer) W is a disc-shaped substrate such as a 
semiconductor (silicon or the like), SOI (silicon on 
insulator) or the like, for example. In the case in whidi the 
illumination light IL is the F2 laser beam as in the present 
embodiment, an optical glass member having a high trans- 
mittanoe is restricted to fluorite (CaFs crystal), quartz glass 
doped witii fluorine, magnesium fluoride QAgPj) the like. 
Therefore, it is hard to obtain a desired image forming 
diaractetistic (color aberration characteristic or the like) by 
constituting the projecting optical system with only a diop- 
tric member. The projecting optical system PL according to 
flie present embodiment will be described by usmg a cata- 
dioptiic system combmmg a dioptric memb^ and a reflect- 
ing muror as will be described below. In the case in which 
the desired imacing characteristic is to be obtained, the 
projecting optical system may be constituted by tiie dioptric 
system. AZ-axis is taken in parallel with an optical axis AX 
of the projecting optical system PI^ an X-axis is taken in 
parallel with the paper of FIG. 1 in a plane perpendicular to 
the Z-axis (a horizontal plane in the present embodiment), 
andaY-axisis takoipapendicularly tothepaperinFIG. 1. 
The illumination region on the reticle R in the present 
embodiment is a slider rectangle in the X direction and the 
scanning direction of the reticle R and the wafer W during 
the exposure is set to be the Y directioa 

At this time, the reticle R is held on a reticle stage 21. The 
reticle stage 21 continuously moves flie reticle R in the Y 
direction on a reticle base whidi is not shown and slightly 
drives the reticle R to reduce a synchronization error in the 
X direction, the Y direction and the rotating directioa The 
position of the reticle stage 21 is measured with high 
precision by means of a laser interferometer which is not 
shown, and the reticle stage 21 is driven based on control 
information transmitted from a main control system 25 
comprising a computer for generally controlling a measured 
value and the operation of the whole apparatus. The reticle 
operating operation 6 is constituted by tihe reticle, the reticle 
stage 21, a reticle base and a reticle loader which are not 
shown, and the like, and the optical path of the illumination 
light L in the reticle operating portion 6, that is, the optical 
path from the condenser lens system 20 to the projecting 
optical system PL is closed by ttie reticle chamber 2. 

On the other hand, the wafer W is held on a wafer stage 
23 through a wafer holder 22, and the wafer stage 23 
. continuously moves the wafer W in the Y direction over a 
wafer base 24 and moves the wafer W by stepping in the X 
direction and the Y direction. Moreover, the wafer stage 23 
focuses the surface of the wafer W on the image plane of the 
projecting optical system PL by an autofocus method based 
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on information about a position (a focus position) in an 
optical axis AX direction of the surface of the wafer W 
measured by an autofocus sensor which is not shown. The 
position of the wafer stage 23 is measured with high 

5 precision by means of a laser interferometer which is not 
shown, and the wafer stage 23 is driven based on a measured 
value and control information transmitted from the main 
control system 25. 
During the exposure, an operation for stepping a shot area 

I Q of an exposure object on the wafer W to this side in the 
CT^sure area of the projecting optical system PL and an 
operation for scanning the wafer W in the Y direction at a 
constant rate p VR (^ is a projection magnification of the 
projecting optical system PL) through the wafo stage 23 

,5 synchronously with the scanning of the reticle R at a 
constant rate VR in the Y direction for the illumination area 
of the illumination light IL through the reticle stage 21 are 
repeated by a step and scan method. Thus, the reduced image 
of a pattern of the reticle R is sequentially transferred into 

20 each shot area on the wafer W. 

Ihe wafer W, the wafer holder 22, the wafer stage 23, the 
wafer base and tiie wafer loader which are not shown and the 
like constitute the wafer operatmg portion 7, and the optical 
path of the illumination light IL in the wafer operating 

23 portion 7, that is, the optical path from the projecting optical 
system PL to the wafer W is closed by the wafer chamber 4. 
Moreover, tiie projecting optical system PL is closed and 
acconmiodated in the barrel 3, and the optical path from the 
optical monber on the tetide side of the projecting optical 

30 system PL to the optical member on the wa&r side is closed 
in the barrel 3. 

The illumination light IL according to the present embodi- 
ment is a vacuum ultraviolet light having a wavelength of 
157 nm. Therefore, an ordinary absorption substance in the 

35 air from which ozone for tiie illumination light IL is 
removed includes a gas siich as oxygen (O2) or carbon 
dioxide (CO2), steam (HjO) or the like. On the other hand, 
examples of a transmission gas to the illumination light IL 
(a substance rarely having absorption) include a rare gas 

40 such as heliimi (He), neon (Ne) or argon (Ar) in addition to 
a nitrogm gas (NJ. Moreover, while the nitrogoi gas acts as 
the absorption substance for a light having a wavelength of 
approximately 150 nm or less, the helium gas can be used as 
a transmission gas with a wavelength of approximately i(X) 

45 nm or less. Furthermore, the heliiun gas has a thermal 
conductivity which is approximately six times as high as that 
of the nitrogen gas and the amount of fluctuation in a 
refractive index for a dhange in an air pressure is approxi- 
mately Vs of that of the nitrogen gas. For this reason, 

50 particularly, the helium gas has a high transmittance and is 
excellent in stability and cooling properties of an image 
forming characteristic of the optical system. However, the 
helium gas is expensive Therefore, if the wavelength of the 
exposure beam is 150 nm or more as in the F2 laser, the 

55 nitrogen gas may be use as a transmission gas in order to 
reduce the running cost. In the present embodiment, the 
nitrogen gas is used^ as the transmission gas for the illumi- 
nation light IL. 
As described above, a vacuum pump 30A for discharging 

60 a gas containing an internal absorption substance through a 
pipe 32A is connected into the illuminating system chamber 
1. For example, the nitrogen gas to be a transmission gas to 
the illumination light IL is compressed with an impurity 
highly removed or liquefied and stored in a bomb of an air 

65 supply device 26 provided on the outside of a chamber (not 
shown) accormnodating the whole projecting exposxu-e 
apparatus according to the present embodiment. If 
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necessary, the nitrogen gas fetched from the bomb is con- FIG. 2 is a view showing an end face along a section 

trolled to a predetermined temperature at a predetermined illustrating the internal structure of the projecting optical 

pressure and is supplied into the illuminating system cham- system PL in FIG. 1. In FIG. 2. the projecting optical system 

ber 1 through a pipe 27A provided witli a valve 28A which PL comprising a catadioptric optical system according to the 

can be switched electromagnetically. 5 present embodiment is constituted by a first imaging optical 

Moreover, a concentration sensor 29A for raeasming the system Kl for forming a primary image (an intermediate 

concentration of an absorption substance is connected into image) I of the pattern of the reticle R and a second imaging 

the illuminating system chamber 1 through a pipe 31A and optical system K2 for forming a secondary image of the 

the measured value of the concentration sensor 29A is reticle pattern on the wafer W to be a photosensitive 

supplied to the main control system 25. When the concen- substrate with a reduced magnification based on the light 

tration of a predetermined absorption substance (oxygen, transmitted from the primary image I 

steam and carbon dioxide in the present embodiment) mea- The first imaging optical system Kl is constituted by a 

sured by the concentration sensor 29A exceeds a preset first lens group 01 having a positive refractive power, an 

allowable concentration, the main control system 25 oper- aperture diaphragm S and a second lens group 02 having a 

ates the vacuum pump 30A with the valve 28A cbsed and positive refractive power which are sequentially provided 

discharges the air and the absorption substance from frie from tiie reticle side. The first lens group 01 is constituted 

illuminating system chamber 1. Tben, the main control by a positive meniscus lens Lll having a non-spherical 

system 25 opens the valve 28A and operates the gas supply conv©: tumed toward the reticle side, a positive meniscus 

device 26, and si^plies a nitrogen gas having a high purity lens L12 having a non-spherical convex tumed toward the 

and a predetermined temperature at a predetermined pres- reticle side, and a positive meniscus 1^ L13 having a 

sure (usually, approximately 1 atm) into flie illuminating 20 non-spherical concave tumed toward the wafer side which 

system chamber 1 through tiie pq)e 27A. Consequeatfy, an are sequentially provided torn the reticle side, 

ah- pressure m the illuminating system chamber 1 becomes Moreover, a second lens group 02 has a biconcave lens 21 

substantially equal to that of the outside air. Then, the valve having a plane on the reticle side to take a non-spherical 

28A is closed. The concentration of the absorption substance shape, a biconvex lens L22 having a plane on the reticle side 

in the illuminating system chamber 1 is equal to or lower 25 to take a nourspherical shape, a positive meniscus lensL23 

than the allowable concentration until a predetermined having a non-spherical convex turned toward the wafer side, 

period of time passes fixxm the operation. and a positive meniscus lens L24 having a non-spherical 

Sunilarly, a nitrogen gas having a high purity is siqjplied concave tumed toward the wafer side which are sequaitially 

friom the gas si^ly device 26 te the reticle chamber 2, Ihe provided fix>m tiie reticle side. 

barrel 3 and the wafer chamber 4 through a pipe 27B having On the other hand, the second imaging optical system K2 

an openable valve 28B, a pipe 27C havmg a valve 28C and is constituted by a main mirror Ml including a surfece 

a pq>e 27D havmg a valve 28D at any time, and tiie reflection plane Rl having a concave tumed toward tiie 

concentration of tiie mtemal absorption su^ce is always side and an opening on a center, a lens component L2, 

m^sured bytibe ooncentraton sensors 29B, 29C and 29D ^ ^ auxiliary n^orMl inchiding a reflectSlane R2 

5?^'^^^'^'''^^^^^'^ 35 provided on a lens plane at the w^er side and hkving^^ 

25. Furthemiore, vacuum pumps 30B, 30C and 30D are • * i.- 1. « -j Iz^ 

connectedtotiie^eticlechaihtoltiie^^ rJSf,''"-!^ !;^^ sequentiaUy from 

chamber 4, respectively. When the concentration of the ^^Tf'''^' '^^.'''^^ 

absorption substance measured by the concentration sensors lens component L2 consttute a back-surface r^- 

29B, 29C and 29D exceeds respective allowable pgnmror, and the lens component L2 constitutes a reftact- 

concentrations, the main control system 25 operates tiie 40 mgportionoftheback-surfacereflecting mirror, hi tiiis case, 

vacuum pumps 30B, 30C and 30D, the valves 28B to 28C ^ desirable tiiat a relationship of 0.7<|pl/p2|<3.5 should 

and the air supply device 26 such that the concentrations of ^ satisfied as an example, wherein the imaging magnifica- 

tiie absorption substances in the reticle chamber 2, the barrel ^on of the first imaging optical system Kl is represented by 

3 and the wafer chamber 4 can be maintained to be equal to and the imaging ma^iification of the second knagmg 

or lower tiian the respective allowable concentrations. For 45 optical system K2 is rgnesented by p2. 

tiie concentration sensors 29A to 29D, a complex sensor Moreover, all optical elemaits (Gl, G2, Ml, M2) cohsti- 

coinhimng an oxygen analyzer, a hygrometer or a dew point tuting the projecting optical system PL are provided along a 

meter to be a steam densitometer, a carbon dioxide sensor smgle optical axis AX. Furthermore, the main mirror Ml is 

and tiie iikie can be used. For example, a polarography type provided in the vicinity of a position where the primary 

oxygen analyzer, a zirconia and. ceramics type oxygen 50 image I is to be formed and the auxiliary mirror M2 is 

analyzer, a white phosphorus emission type oxygen concen- provided in tiie proximity of tiie wafer W. 

trationsensorortiielikecanbeusedfortiieoxygenanalyzer. In the present embodiment, tiius, tiie light transmitted 

For example, a crystal type hygrometer, an electric- flx)m tiie pattern of tiie reticle R forms tiie primary image 

resistance type hygrometer, infl-ared transmittance type (intennediate image) I having a reticle pattern through tiie 

hygrometa. a mirror reflectance measuring type dew point 55 first imaging optical system Kl and tiie light transmitted 

meter or tiie like can be used for the steam densitometer (tiie from tiie primary image I is reflected by the main mirror Ml 

hydrometer or the dew point meter). through tiie central opening of tiie main miiror Ml and the 

Moreover, a cryopump can be used for a vacuum pump. lens component L2. The light reflected by tiie main mirror 

The cryopump has such a type as to utilize tiie fact that a Ml forms the secondary image of tiie reticle pattern with a 

vapor pressure of an element other tiian H2, He and Ne is co reduced magnification on tiie surface of the wafer W through 

10~^Paorlessat20Korlessandaplane(cryopanel)cooled tiie lens component L2 and tiie central opening of tiie 

to a very low temperature (10 tol 5K).is put in tiie vacuum auxiliary mirror M2. In tiie example of FIG. 2, tiie imaging 

and a gas (N2, Ar, O2, H^O, CO2 or tiie like) is adsorbed into magnification pi of tiie first imaging optical system Kl is 

tiie plane to create a clean vacuum. 0.6249, tiie hnaging magnification P2 of tiie first imaging 

Next, an example of tiie projecting optical system PL and 65 optical system K2 is. 0.4000 and a projecting magnification 

tiie sealing mechanism according to the present embodiment p from tiie reticle R to tiie wafer W is 0.25 (1.4 time as 

will be described witii reference to FIG. 2. large). 
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In the present example, fluorite (CaFj crystal) is used for absorption substance on the optical path of an exposure 

all the dioptric members (lens components) constituting the beam in the projecting exposure apparatus according to the 

projecting optical system PL. Moreover, the Fj laser beam present embodiment. 

to be the exposed laser has an oscillating central wavelength First of all, the reticle chamber 2 is an important man- 
of 1 57.6 nm and a chromatic aberration is corrected for a 5 agement object in the exposure apparatus using the exposure 
light having a wavelength width of 156 nm±10 pm and beam to be absorbed by ordinary air, particularly, a vacuum 
various aberrations such as a spherical aberration, an astig- ultraviolet light. The reason is as follows. It is necessary to 
matism and a distortion aberration can also be corrected ^^^^^ optional reticle from a reticle library provided on 
well. In order to prevent a change in the reflection plane of outside of a space (reticle chamber 2) accoinmodating a 
the main minor Ml for a diange in a temperature to lo ^^^^^ R to be an e?qx)sure object and managing the con- 
maintain an excellent imaging performance, furthermore, a centration of an absorption substance, to move the reticle 
siq)port member siq)porting a reflection plane S 1 of the main ^® space manag ing the absorption substance and to 
mirror M is formed by using a substrate having a coefficient pn>vide the reticle on the optical path of the illumination 
of linear expansion of 3 ppm/"* C. or less, for example, IL to be the exposure beam. The reticle is varied for 
titamum silicate glass. For the titanium silicate glass, ULE i5 ®^ semiconductor element for ejqwsing or each layo* for 
(trade name of Ultra Low Expansion) produced by Coming e^^sing. Hierefore, the reticle is exchanged depending on 
Co,, Ltd. can be used, for example. ^ required step. Consequently, the reticle is exchanged with 

Iheprojecting optical system PL according to the present n'SSi S'^m T 

embodiment has all the optical elemente^nstitutL the o^Vjsoht^ the reticle R on the optical^th from the 

/vofo^^^^ JX^ 20 outside ofthe space for managmg the absorption substance 

^^^^^^^^^or ^^l discharges foidgn maS (impurities) 

generated ftom tlie movable portion such as the retide stage 

be reduced fusing a reflpctaig BKoA^tmi ^rOtawoK, |j ^ ^ ^ ^ , ^ fittflieniiorc. 

a barrel can be designed and manu&ctured by the advanced ^ , iwouw yuui auvwu/, ouu iiuuiwiuvx», 

technique ofa conSdS Srt^Sr^iS^ ^^^^^ 'T^.'^^.^^^'^fT^ 

system^ and the precision can be laeased^thout the 2S Z^t^tC^^^^c^TJtt^S^^e 

difficulty of fliemami&cture. B isap^uem fliat the same role can also be jq>plied to the 

wafer coamber 4, 

Asanexmi^leofa to ^^1^ that a space in the reticle Ubrary and a 

embodmient, the first imaging optical syst«n Kl and flie ^ereticle Ubraiy and the reticle 

sec^ nnagmg optical systan K2 are mdosed and^ chambffshmdd also manage the absoWsubstan^ 

pwtedintosm^eba^^^ same manner as the reticle diamber.MW^,th^ 

system K2, &e mummation hght j^^^ a^ce ^ ^ ^ ^^^^ 

K T^J?^ ^^t^^ the conc^tration ^^j^ also manage the abs^on substance in the 

ofthe abs<ttption substance should be managed to be lower same manner as thewafe chamber. 

morestncdy. 33 As is apparent fiom FIG. 1, next, the optical lengths ofthe 

For an example ofa second stinicture, as shownmFIG.2, Ulumination light IL in the optical paths (hereinafta- referred 

each optical element of the first imaging optical system Kl ^ ^s **partial optical paths") in the illuminating system 

IS supported by a lens flame which is not shown in such a chamber 1, the reticle diamber 2, the banel 3 and the wafer 

state as to be enclosed m the barrel 3 and fee main mutor Ml chambo- 4 which accommodate each portion of the project- 

andtheaTmharymiiTor lVO^^ ing exposure apparatus are different ftom each other, and the 

system K2 are enclosed and supported m another lower iUuminating optical system portion 5 in the illummating 

barrel 3A through a sipport member which is not shown, gyg^ chamber 1 has ithe greatest optical length and the 

respectively In tiiis case, the portions m the barrel 3 and the piojecting optical system PL in the barrel 3 has the second 

lower barrel 3A tirrough which the exposure beam iMisses greatest optical path. Tbe amount of the absorption sub- 

may be sealed with a parallel flat glass formed of the ^^^^ through which the illumination light IL passes is 

material having a high ti-ansmittance described above, for proportional to the optical patii length in the case in which 

example, which is not shown. ^ concentiation of the abso5)tion substance is constant. 

As described with reference to FIG. 1, moreover, the Tharefore, the amoimts ofa reduction in the illummance are 

concentration sensor 29C and the vacuum pump 30C are different ftom each other in the four partial optical paths. For 

connected to tiie barrel 3. Similarly, the concentration sensor 50 tiiis reason, it is desirable that the optical path havir^ a 

29E and the vacuum pump 30E are also connected to tiie longer optical path length should have a smaller amount of 

lower barrel 3 A, Furthermore, a nitrogen gas having a high the absorption substance. Moreover, the illuminating optical 

purity can be supplied at any time from die air supply device system portion 5 having a long optical patii and the project- 

26 shown in FIG. 1 to the barrel 3 and the lower barrel 3A. ing optical system PL can have a closed structure compara- 

The concentratioas of tiie absorption substances in the barrel 55 tively easily. Basically, it is possible to prevent the absorp- 

3 and the lower barrel 3A are managed to be equal or lower tion substance from flowing from the outside. Moreover, 

than an allowable concentration during the exposure inde- since the illuminating optical system portion 5 and the 

pendently of each other through tiie main control system 25. projecting optical system PL have few movable portions, the 

In tiie example of tiie structure, tiie transmittance of tiie absorption substance can easily be managed at a lower 

illumination light for the whole projecting optical system PL concentration. Accordingly, it is possible to reduce a drop in 

can be increased by setting the allowable concentration of the illuminance in the illuminating optical system portion 5 

the absorption substance in the lower barrel 3A to be lower and the projecting optical system PL by once reducing tiie 

tiian tiie allowable concentration in the barrel 3. In tiie concentration oftiie absorption substance in the illuminating 

following description, it is assumed that tiie projecting systemchamberl and tiie barrel 3 and maintaining tiie same 

optical system PL is accommodated in one barrel 3. ^5 state. 

Returning to FTG. 1, description will be given to an Moreover, the optical lengths in the reticle chamber 2 and 

example ofthe whole managing operation for reducing an tiie wafer chamber 4 are shorter than those oftiie illummat- 
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ing optical system 5 and the projecting optical system PL. 
However, these spaces are such that parts such as a reticle or 
a wafer are taken from and to the outside at any time during 
the actuation of the projecting exposure apparatus. At each 
time, the parts are exposed to the flow of air, an impurity or 
the like from the outside, and some foreign matters are 
discharged from the movable portion. Consequently, the 
concentration of the absorption substance cannot be easily 
maintained to be low. In the present embodiment, the 
allowable concentration of the absorption substance in each 
partial optical path is set such that the allowable absorptivity 
(allowable absoibance) of the illumination light IL is con- 
stant in each partial optical path fiom the illuminating 
system chamber 1 to the wafer chamber 4. As a result, the 
allowable concentration of tfae absorption substance is set to 
be higher on tfae partial paths in the reticle chamber 2 and the 
wafer chamber 4 than the allowable concentration on other 
partial optical paths and they contribute to a whole reduction 
intheiUuminanceoftheiUuminationlightlLahnostequiva- 20 
lently. By &is method, in addition, the drop in the illumi- 
nance can be reduced at a low running cost more actually 
and the apparatus does not need to be con^licated. 

Ihere will be described exanq)les of flie allowable con- 
centrations of oxygen, carbon dioxide and steam to be ^ 
absorption substances from the illuminating system chamber 
1 to tfae wafer chamber 4. In this case, the optical path 
lengths of tiie partial optical paths in the illuminating system 
chamber 1, the retide chamber 2, the batrd 3 of the 
projecting optical systan PL and the wafer chamber 4 are as 
follows. 

Optical path length in tiie illuminating Systran chamber 1: 
5000mm 

Optical path length in the reticle chamber 2: 200 mm 
Cortical path length in the barrel 3: 1350 mm 
C^cal path length in the wafer chamba 4: 10 mm 

If the allowance absorptivity m the partial optical length 
is 1%, the allowable concentrations of oxygen (O2), carbon 
dioxide (CO2) and steam (HjO) in each partial optical path 
are shown in the following Table 1. 

TABLE 1 



35 



40 





Allowable 


Allowable 


Allowable 




o. 








cancmtration 


concentration 


concentration 




(ppm) 


(ppm) 


(ppm) 


niuminflting system 


6.7 X 10-^ 


33 


2.3 X 10r> 


chamber 1 








Reticle chamber 2 


1.7 


8,2 X 10* 


6.S 


Barrel 3 


2.5 X 10~* 


1.2 X 10^ 


1.0 


Wafer chamber A 


3,4 X 10* 


1.7 X 10' 


1.37x10^ 



45 



50 



If the allowance absorptivity in the partial optical length 
is 5%, the allowable concentrations of oxygen (O2), caibon 55 
dioxide (CO2) and steam (H2O) in each partial optical path 
are shown in the following Table 2. 



TABLE 2 





Allowable 


Allowable 


Allowable 












concentratipn 


concentration 


concentration 




(ppm) 


(ppm) 


(ppm) 


Hiuminating system 


3.4 X 10"^ 


1.7 X 10* 


1.4 


chamber 1 








Reticle chamber 2 


8.6 


4.2x10^ 


3.5 X 10' 



60 



65 
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TABLE 2-continued 





Allowable 


Allowable 


Allowable 




0, 




HjO 




concentration 


concentration 


concentration 




(ppm) 


(ppm) 


(ppm) 


Barrel 3 


1.3 


6.2 X 10' 


5.1 


Wefei' chamber 4 


1.7 X 10^ 


8.4 X 10' 


6.9 X 10^ 



From the Ikbles 1 and 2» it is apparent that the allowable 
concentration of the absorption substance in each of the 
reticle chamber 2 and the wafer diamber 4 is 10 to 100 times 
as high as that in each of tfa^ illummating system chamber 
1 and the barrel 3. Consequentiy, tibe conoentration of the 
absorption substance in eadi of the reticle chamba 2 and the 
wafer diamber 4 can be managed eas ily and the mechanism 
for the reticle chamber 2 and the wafer chamber 4 do not 
need to be conq)licated 

Next, tiie projecting exposure apparatus according to the 
present onbodiment uses a step and scan method. Therefore, 
a movable portion for synchronously scanmng a reticle and 
a wafer is provided in the reticle chamber 2 and tiie wafer 
chamber 4. As described above, moreover, a contact whh tfae 
outside air and the mixture of the absorption substance 
cannot be avoided because of tfae exchange of the reticle and 
tfae wafer. Therefore, it is necessary to operate tfae vacuum 
pumps SOB and SOD and the air supply device 26 to 
discharge tfae absorption substance until the concentration of 
tfae absorption substance in each of tfae r^cle chamber 2 and 
tfae wafer chamber 4 is set to be equal to or lower than the 
allowable concentration after the reticle and the wafer are 
scaimed and exposed or are exchanged. In the meantime, it 
is apparent that the drcuit pattern of the reticle is not 
exposed. 

It is preferable that pressure reduction should be carried 
out in tiie spade for mfltiaging the conc^tration of tfae 
absorption substance (in the illummating system chamber 1 
to tfae wafer chamber 4) through the vacuum pumps 30A to 
SOD, respectively. Then, a gas whidi rarely al^orbs the 
illumination hght is si^plied from tiie gas supply device 26 
so that the absorption substance can be reduced or elimi- 
nated efficientiy. hi this case, no difference in an air pressure 
between the inside of eadi of the illuminating system 
chamber 1 to the wafer chamber 4 and the outside air can be 
substantially considered to be made. Therefore, it is not 
necessary to cause each portion of the exposure apparatus to 
be a redundant mechanism having an unnecessary strength. 
In the illuminating system chamber 1 to the wafer chamber 
4, the absorption substance may be eliminated to carry out 
the exposure in an ahnpst vacuum state. In this case, it is 
necessary to increase the strength of each portion of the 
ensure apparatus. Ho)vever, it is possible to maintain the 
illuminance to be extremely high without depending on the 
wavelength of the illumination light. 

It is not necessary to always carry out the pressure 
reduction in the illuminating system chamber 1 to the wafer 
chamber 4 to obtain a high vacuum. More specifically, the 
degree of vacuum during the pressure reduction depends on 
the density (amount) of the absorption substance present in 
the atmosphere and the optical path length in the atmo- 
sphere. If the allowable absorptivity of the exposed light to 
be absorbed by an optical path length of 1 m in the air 
atmosphere is set to 1%, it is preferable that the pressure 
reduction should be carjried out to approximately 1.2x10"^ 
Torr. If the allowable absorptivity of the exposed light to be 
absorbed by an optical path length of I m m the air 
atmosphere is set to 3%, it is preferable that the pressure 
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reduction should be carried out to approximately 3.8x10"' air supply device which is not shown to the blast portion 33 
Torr, When a substance having a higher coefficient of through a pipe 35. As shown in an arrow 37. the blast portion 

absorption is present in the atmosphere, it is sufficient that 33 feeds a gas in a flow corresponding to control information 
the pressure reduction is carried out to a higher degree of sent from a main control system 25 around the wafer 

vacuum. When only a substance having a smaller coefficient 5 operating portion 7 under the cover 4A through the filter 

of absorption is present in the atmosphere, it is sufficient that j)ortion 34. A concentration sensor 29D is provided through 
the pressure reduction is carried out to a lower degree of a pipe to a gas passageway and the concentration of an 

vacuum. absorption substance which is measured by the concentra- 

Moreover, the inside of eadi of the illuminating system tion sensor 29D is supplied to the main control system 25. 

chamber 1 to the wafer chamber 4 according to the present lo Ibe flow of the gas fed from the blast portion 33 is 

embodiment is closed. By siQ)plying another gas (hereinafter controlled such that the concentration of the absorption 

referred to as a '^purging gas'O for rarely absorbing the substance which is measured by the concentratioii sensor 29 

illumination light to &e respective spaces tluough whidi the is equal to or lower than an allowable concentration. 

e:q)0sure beam passes and discharging a mixed gas of the In the present embodiment, it is desirable that a wafer 

puiging gas and &e absorption substance wrdiout using a i5 plane should be coincident with a sur&ce excluding a 

vacuum pump, therefore, the concentration (amount) of tiie portion on which a wafer of a wafer holder is to be mounted 

absorption substance may be reduced to a predetermined in order to maintain a direction in which a transmission gas 

value or less and a reduction in the illumination in each inner to a surfece (wafer plane) of a wafer W to be one direction, 

portion may be prevented. Li this case, for exBsnple^ purging When the wafer plane is protruded fiiom the wafer holder, 

may be carried out witii an inexpensive gas (a nitrog^ gas 20 tiiere is a possibility thaX an air flow in a constant direction 

or the like) in a portion having a small optical length (the might be changed in the perq)heral portion of the wafer. 

. volume of a space for managing the concentration of the Therefore, a dent (a concave portion) in which the wafer is 

absorption substance including the optical path is small), mounted is previously formed in the central portion of the 

and the puiging may be carried out with a slightly expcns ive sur&ce of the wafer holder and the wafer is mounted in the 

helium gas or the like in a portion having a great optical path 25 dent to cause &e wafer plane to be comcident with the 

length (the volume of a space for managing tiie concentia- sur&ce of the wafer holder. 

tioiiofthe absorption substance mchuling the oi^ical path is In the present embodiment, thus, a bcal gas flow is 

gr^). For example, consequently, the stabihty of a tem- generated on the optical patii of an .e?iposure beam, thereby 

peratuie control characteristic and an nna^n^ diaracteristic leheving a reduction in the illuminance on the surface of tiie 

and the like can be enhanced without greatly raising tiie 30 wafer W. Accordingly, a work for exchanging a gas by 

runnmg cost. taking m and out the wafer is not required. Consequentiy, 

In the portion having a small optical length, moreover, the there is an advantage that higher tiuxni^^t can be obtained, 

nitrogen gas may be siq>plied to all the partial optical paths. On the other hand, in the present embodiment, it is hard to 

In the portion having a ^ceat optical length, flie nitrogoi gas manage the concentration of the absorption substance by the 

or the helium gas may be siqjpUed to all the partial optical 35 flow ofthe outside air with higher precision than that in the 

paths irrespective of tiie optical path length separately from first onbodiment. In the case in which more importance is 

such a structure that the helium gas is used. Moreover, the attached to the rehef of a reduction in the illuminance than 

helium gas may be supplied to the portion having a small aii enhancement m the throughput, thaefore, it is desirable 

optical patii lei^gth and the nitrogen gas may be supplied to that the first embodimoit should be utilized. It is apparent 

the portion having a great optical path length. Also in the 40 that the gas flow in FIG. 3 should be obtained by a substance 

case in whidi an ejq)ensive gas (the helium gas or the like) which less absorbs the e?tposure beam (does not absorb the 

is siqjplied to a pcfftion having a high degree of seaUng exposure beam substantially). 

(airtightness) and an inexpensive gas (the nitrogen gas or the It is apparent that a method of relieving the reduction in 

Uke) is siqrplied to a portion having a low degree of sealing the illuminance of the e?q)Osure beam through the gas flow 

(in which an absorption substance is easily mixed), the 45 obtained by a substance having a small absorptivity 25 an 

running cost can be reduced. also be applied to the reticle chamber 2 (the reticle operating 

Next, a preferred second embodiment of the present portion 6) easily. Moreover, the same method can also be 

mvention will be described with reference to FIG. 3. While applied to the illuminating optical system portion 5 and the 

a structure in the present embodiment is basically the same projecting optical system PL. hi that case, however, it is 

as that ofthe first embodiment, the present mbodiment is 50 necessary to employ a double structure for these portions, 

diflferent from the first embodiment in tiiat a portion corre- . Next, a preferred third embodiment ofthe present inven- 

sponding to the wafer chamber 4 in FIG. 1 is not closed and tion will be described with reference to FIG. 4. In FIG. 4, 

there is no structure in which a wafa* opening portion 7 is portions corresponding to those in FIGS. 1 and 2 have the 

isolated from the outside air, that is, the atmosphere m a same reference numerals and detailed description thereof 

great chamber accommodating a projecting exposure appa- 55 will be omitted. 

ratus. In FIG. 3, portions corresponding to those in FIG. 1 FIG. 4 is a sectional view showing a structure from a 

have the same reference numerals and detailed description projecting optical system PLl to a wafer stage 23 in a 

thereof will be omitted. projecting exposure apparatus according to the present 

FIG. 3 shows the main part of the projecting exposure embodiment. In FIG. 4, an Fj laser beam to be a vacuum 

apparatus according to the present embodiment. In FIG. 3, 60 violet light is used as an exposed light EL. A projecting 

the upper part of the wafer operating portion 7 is covered optical system PLl comprising a catadioptric system accord- 

with a cover 4A to cover the side surface of a projecting ing to the present embodiment is also constituted by a first 

optical system PL. A blast portion 33 and a filter portion 34 imaging optical system Kl of a refraction type for forming 

are provided in the direction ofthe side surface ofthe wafer an intermediate image (a prunary image) of tiie pattern of a 

operation portion 7, and the temperature of a transmission 65 reticle R and a second imaging optical system K2 of a 

gas (a nitrogen gas, a helium gas or the like, for example) to catadioptric type for forming a final image of the reticle 

an illmination light IL is controlled and is supplied from an pattern on a wafer W to be a photosensitive substrate with' 
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a reduced magnification based on the light transmitted from 26 are connected to the inside of a space including tlie main 

the intermediate image. mirror M4 of the barrel 3B. By these members, the inside of 

Ihe first imaging optical system Kl is constituted by a the space including the main mirror M4 is filled with a 

first lens group Gl having a positive refractive power, an purging gas having a high purity, 

aperture diaphragm S and a second lens group G2 having a 5 Moreover, two air feeding pipes 27Ea and 27Eb are 

positive refractive power which are sequentially provided provided opposite to the side surfkce of the barrel 3B 

from the reticle side. The first lens group Gl is constituted between the lens component 4 and the auxiliary mirror M4 

by a meniscus lens L31 having a non-spherical convex with the optical axis AXl interposed therebetween, and the 

himed toward the reticle side, a biconvex lens L32 having a air feeding pipes 27Ea and 27Eb are connected to the air 

non-spherical convex turned toward the reticle side, a meois- lo feeding device 26 through the pipe 27E. Accordingly, a 

cus lens L33 having a non-spherical concave turned toward space between the auxiliary minor M4 and the lens com- 

the wafer side, and a meniscus lens L34 having a non* poneQtL4 is sealed excluding the opening 62A. The opening 

spherical convex turned toward the reticle side which are 62A is used as an opesmg for causing an imaging luminous 

sequentially provided from the reticle side. Moreover, the flux (an e:qx>sed light IL) to be an e;qx>sure beam to pass 

second lens group 02 is constituted by a meniscus lens L41 i5 Hierethrou^ and an opening for causing a purging gas to 

having a non-spherical convex tun^ toward the reticle pass thereSuough. 

side, a biconvex lens L42 having a non-spherical convex Furthermore, a plurality of exhaust pipes 32Fa and 32Fb 

turned toward the wafer side, and a meniscus lens L43 are provided m the vicinity ofthe side face portion of a space 

having a nonrspherical concave turned toward the wafer side between the auxiliary mirror M4 and the wafer W, and are 

which are sequentially provided from the reticle side. 20 connected to a vacuum pump 30Ftoough a pipe 32R In the 

Furthermore, a central shielding member SP for shielding a present embodiment, actually, the exhaust pipes 32Fa and 

light in the vicinity of an optical axis AXl is provided in a 32Fb are provided at regular angular intervals in eight 

position shifted from an 2^)erture diaphragm S by a precte- places^ for example. The air feeding pi|>es 27£a and 27Eb 

tetmined space in the direction of the optical axis AXl . may not only provide in two places but three or more places 

On the other band, the secoiul imaging optical system K2 25 at almost r^ular angular intervals, 

is constituted by a main mk]X3TM3 including an opraiing^^ Furtherm^ the wafer W is adsorbed and held on a 

light transmitting portion) 61A in a c^tral portion aid a mounting sur&ce inchiding a concave portion on a wafer 

reflection plane R3 having a concave tumed toward the holder 22, the wafa holder 22 is fixed to a concave portion 

wafer side and n^ative refractive ferce, a lens component on the wafer stage 23, and a sur&ce 23a ofthe wafer stage 

L4, and an auxiliary mirror M4 indudihg a reflection plane 30 23 is provi^ on almost the levd with the sur&ce ofthe 

R4 having an opaiing 62A in a central portion. The lens wafer Wand that offliewafa-Mder 22. Consequently, a gas 

component L4 is a negative meniscus lens having a non- can smoothly flow over the surfrice ofthe wafer W. 

spherical concave tumed toward the wafer dde. More In the present enibodiment, the air is continuously sucked 

specifically, all optical dements (Gl, G2, M3, L4, M4) tfarougji the pipe 32F and the discharge pipes 32Fa and 32Fb 

constituting the projecting optical system PLl are provided 33 through flie vacuum pump 30F simultaneously with the 

along a smgle optical axis AXl. Furthennore, the main operation for consecutively siq^plying a purging gas having 

mirror M3 is provided in the vicinity ofa position where the a high purity fiiom the gas si^jply device 26 toward the 

intermediate image is to be formed and the auxiliary minor central part between the lens component L4 and the auxil- 

M4 is provided in the proximity ofthe wafer W. In the iaiy mirror M4 in the projecting optical system PLl through 

present embodiment, an exposed light IL (an imaging lumi- 40 the air feeding pipes 27Ea and 27Eb during ejqposure. A 

nous flux) transmitted from the pattem of tiie reticle R forms portion between the lens component L4 and the auxiliary 

an intermediate image by the first imagining optical system mirror M4 is filled with the purging gas haying a high purity 

Kl and the imaging luminous flux transmitted from the and is further pressurized. Consequentiy, the purging gas 

intemediate image losses throu^ an opening 61A of tiie having a high purity flows toward the wafer W as shown in 

mam minor M3 and is reflected by the reflection plane R4 45 an arrow 67 and the absorption substance is caused to flow 

provided on the upper sur&ce of the auxiliary mirror M4 to an outer peripheral portion together with the purging gas . 

tiirough the lens con^x)nent L4, and is then reflected by the Li tiiis case, the purgmg gas having a high purity intro- 

reflection plane R3 of tiie main mirror M4 tiirough tiie lens duced fix)m the air feeding pipe 27Ea and 27Eb into tiie 

fomponaitL4 and is incident on the wafer Wfluough a lens space b^een the lens component L4 and the auxiliary 

component L2 and the opening 62A ofthe auxiliary mirror 50 mirror M4 flows m the space toward the center of the 

M4 again. opening 62A to be a center of a visual field and then flows 

hi the present embodiment, portions flx)m the first imag- m the opening 62A toward the wafer side (in the same 
ing optical system Kl to the lens component L4 of the direction as the direction of progress of the exposed light 
second imaging optical system K2 are enclosed and sup- IL). The flow ofthe purging gas in the opening 62A will be 
ported in a single barrel 3B. More specifically, the lenses 55 referred to as a "down flow". The down-flow purging gas 
L31 to L43, the main mirror M3, the lens component L4 and flows to the space between the auxiliary mirror M4 and the 
the auxiliary mirror M4 are held in the barrel 3B through a wafer W and then flows from the exposing portion (central 
lens frame respectively and a vent for causing a gas to pass portion) toward the outside as shown in the arrow 67. 
therethrough is formed in the lens frame for the optical In the process of the flow of the purging gas, the down 
member of each ofthe lens L32 to the main mirror M3, and 60 flow ofthe purging gas is generated in an opposite direction 
the lens frame ofthe lens L31 in the uppermost stage, the to a direction of normal diffusion (toward the projecting 
lens component L4 in the lowermost stage (tip portion) and optical system PLl) of degassmg containing an absorption 
lens frame 8B and 8C of the auxiliary mirror M4 are sealed substance generated from the wafer W, particularly, degas- 
respectively, sing from a photoresist coated on the wafer W. As a result, 

Moreover, a pipe conmiunicating with a concentration 65 the degassmg fix)m the wafer. W is ahnost prevented from 

sensor 29C, a pipe 32C communicating with a vacuum pump reversely flowing to an upper space of the auxiliary mirror 

30C and a pipe 27C communicating with a gas supply device M4 and flows from the center of the visual field to a 



us 6,707,529 Bl 

19 20 

peripheral portion to be drawn into the down flow of the optical member (the auxiliary mirror M4) on the tip of the 

purging gas. The gas generated from the wafer W, projecting optical system PLl and the wafer W is small, the 

particularly, a purging gas containing the gas sent from the purging gas having a high purity can be supplied in the form 

photoresist coated on the wafer W will be referred to as "a of the down flow toward the wafer W. 

gas containing an absorption substance". 5 In each of the embodiments, moreover, a laser interfer- 

In the present embodiment, thus, it is possible to prevent ometer for measuring the position of the reticle stage 21 is 

a transmittance from being reduced due to the adhesion of provided in the reticle chamber 2 and a laser interferometer 

the gas fed from the wafer W to the optical member on the for measuring the position of the wafer stage 23 is also 

tip of the projecting optical system PLl by the down flow of provided in the wafer chamber 4 in FIG. 1 or the wafer 

the gas containing an absorption substance. Moreover, the lo operating portion 7 in FIG, 3. In this case, it is desirable that 

absorption substance contained in the degassing is exhausted the optical path of the laser beam for measurement of the 

so that the evenness of the exposed light IL (hnaging laser interferometer should be covered with a cylinder such 

luminous flux) can be maintained, the imaging characteristic as a pipe in order to prevent a fluctuation in the laser beam, 

of the projecting optical systm PLl can be enhanced, and Moreov^, it is desirable that a housing (a cylindrical 

furthermore, the unifonnity of the line width of a circuit 15 member or the like) constituting portions from tiie iUumi- 

pattem formed on the wafer Wean be inoeased. In addition, nating system chamber 1 to the wafer chamber 4 and a pipe 

a suffldent amount of the light can be caused to reach the for supplying a nitrogen gas, a helium gas or the like should 

e?qx)sing plane of the wafer W and the tiuougbput of the be formed of a material having a small amount of impurity 

easing step can be enhanced. gasses (degassing), for example, various polymers such as 

In the present embodiment, fiuthermore, the bottom sur- 20 stainless steel, ethylene tetiafluoride, tetrafluoroethylene- 

ficeoflhe optical member (the auxiliary mirror M4) on the terfluoro (alkylvinyl ether) or a tetrafluoroethylene- 

tip of the piDjecting optical system PL and the bottom hexafluoropropeae copolymer. 

sur£ice of the lens frame 8C are flat and are positioned on In the absorption substance, attention should be paid to 

the same plane. In the lower part, moreovet; the rsppcr steam, hydrocarbon, halides and the like. It has been known 

surfrice 23a ofthe wafer stage 23, the upper sm&ce of the 2s that a la^e number ofsubstances such as steam are stuck in 

wafer holder 22 and the exposed plane of frie wafer W are a large amount onto tbs sur&ces of the housing and the pipe 

positioned on ahnost the same level with the bottom surfiice gradually leak into a space in which substitution is carried 

of the auxiliary mirror M4 in parallel therewith. out by flie purging gas, that is, a space induding the optical 

Accordingly, the purging gas can flow in the iqjper and lower path of an illumination li^t (hereinafter referred to as an 

Spaces of the auxiliary mirror M4 (tiie lens frame 8C) very 30 "optical path space") during vacuum exhaust or by the 

smoothly and frie absorption substance can be efficienfly action on the purging gas. Moreover, frie absorption sub- 

dischaiged toward the outer peripheral portion side. stance such as hydrocarbon or a halide is discharged from a 

Moreover, it is desirable that a discharge ratio ofa gas (the material for covering a cable for feeding a power to a driving 

volume of a gas to be sucked per unit time) in the exhaust medianism (a reticle blind, a stage or the like) present in the 

pq>es32Fa and 32Fb should be set to be higher than a si^ly 35 optical patiii space or the l&e, a sealing mat^ial (an O ring 

ratio ofa gas (the volume of the gas blown our per unit time) or the like), an adhesive or the like. For this reason, after the 

in the air feeding pipes 27Ea and 27Eb for the purging gas. substitution is once cairied out by the purging gas, the 

Consequently, the atmosphere in the vicinity of tiie wafer concentration of the absorption substance is always moni- 

stage 23 (dry air in the present embodimmt) is sucked in tored. If the concentration of the absorption substance is 

addition to the gas containing the absorption substance. The 40 more than an allowable value, it is preferable that a working 

flow in the atmosphere is usually turned from ftie wafer stage for exposing the circuit pattern should be once stopped and 

23 in the direction ofthe exposed region (the central portion the substitution should be carried out by the purging gas 

of the down flow of the purging gas having a high purity). again. 

Consequently, the gas containing an impurity is prevented More specifically, the concentration (amount) of the 
fix)m flowing torn the iqjper part of the wafer stage 23 to an 45 absorption substance in each space is always monitored by 
extanal space. Consequaitiy, it is possible to reduce a means ofeach concentration sensor. When the result of the 
change in a refr:active index in the atmosphore in the outer measmement of at least one concentration sensor is equal to 
perq)heral portion of the wafer stage 23 as much as possible. or greater than an allowable value or it is anticipated that the 
Consequently, a fluctuation in the optical path for a laser concentration becomes equal to or greater than the allowable 
beam ofa laser interfaometCT for measuring the position of 50 value through a main control system 25 based on the result 
the wafer stage 23 is reduced and the positional precision of of the measuremoat of the concentration sensor,, the expos- 
the wafer stage 23 can be enhanced. Moreover, the measur- ing work is automatically stopped. Then, a work for reduc- 
ing precision of the focus position of an autofocus sensor can ing the absorption substance is carried out. When the con- 
also be enhanced. centration of the absorption substance is reduced to the 
By implementing the flow of the purging gas having a 55 allowable value or less, the exposii^ work is restarted. For 
high purity over the wafer stage 23 without disturbing the this purpose, it is preferable that a concentration managing 
external atmosphere as in the present embodiment, it is system should be provided. 

possible to efficiently supply a purging gas having a high Furthermore, it is preferable that a material for covering 

purity preponderantly around the exposing portion on the a cable for supplying a power to a driving mechanism (a 

wafer. At the same time, it is possible to more lessen a 60 reticle blind, a stage or the like) in each housing, a sealing 

detection error made by the interferometer or autofocus member (an 0 ring or the like), an adhesive or the like 

sensor for positioning the wafer stage 23 through a fluctua- should not be provided in the optical path space if possible 

tion in a refraction index through the mixture of the paging or the cable for supplying the power to the driving mecha- 

gas having a high purity and the atmosphere around the nism in the housing or the like should also be coated witii a 

wafer stage 231 <55 material having a small amount of impurity gases 

In the present embodiment, moreover, also in the case in (degassing), thereby controlling the amoimt of the absorp- 

wluch a space d2 of a working distance portion between the tion substance to be generatedl 
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Furthermore, it has been known that the amount of the projecting optical system and couples and incorporates 

adsorption of a gas such as steam which is discharged from each component electrically, mechanically or optically. In 

the surface of the housing or the pipe is greatly varied this case, it is desirable that the work should be carried out 

depending on the state of the material of the housing or the in a clean room in which a temperature is managed. The 
pipe. For this reason, it is desirable that the amount of 5 wafer W thus exposed as described above is subjected to a 

adsorption of the steam or the like should be reduced as developing step, a pattern forming step, a bonding step and 

much as possible. For example, if Uie surface area of a the like so that a device such as a semiconductor device can 

structural matenal is larger, the number of molecules of the ^ manufectured 

For the same reason, moreover, it is preferable that polishing ^ l» embodied m vanous forms without departing 
such as medianical poUshing, electrolytic poHshing, buff ^ist of the present mvention. Furthermore, the 
polishing, chemical polishing or GBB (Glass BeadBlasting) disclose of Japanese Patent AppUcation 11-34897 
should be carried out to reduce the surface roughness of ttie ^^9? including description, claims, draw- 
housing or the pipe. In this case, it is preferable that the ^ abstract are incorporated herein by reference in its 
surfecc roughness represented by a center line mean rough- entir^. 

neSS (Ra) should be 0.2 Mm or less, tktt^ttototat AmTrnAmTrrv 

Moreover, it is preferable that pure titanium, li-6Al-4V, INDUSTRIAL APPLICABILITY 

SUS-304, 403, 410 and C3604 should be used as a material According to the first, third or fourth exposure method of 

for forming a tube member (including a barrel). 20 the present mvaition, it is possible to increase the iUumi- 

Furthermore, it is desirable that a flororesin coat, NiP, nance ofthee^qwsure beam on the substrate to be a transfer 

NiP-Ni and BCr should be used as a sur&ce finishing olgect 

^i?"^ ^ (including a barrel). According to tiie second exposure method, moreover, in 

Preferably, these treatments are carried out, and the case in which an e?q>osure beam capable of being easily 

furthermore, the sur&c«i of the housmg and the pipe are 25 absorbed by various materials such as a vacuum ultraviolet 

cleaned tenigh ultrasonic deamng, spraying of a fluid such Ught is to be used, it is possible to increase the iUuminance 

as dry aii; vacmmi-heatmg dep^ (baking) or the bke of the exposure beam on the substrate to be the transfer 

before theexposureofthecucmtpattemand the substitution ^^hout compHcating the inecfaanism of the whole 

usmg the purging gas, ihsKby reducmg the amount of apparatus or greatly mcrcasing the running cost 

d^assmg fiom flie surfaces of the housing and the pipe. It 30 A^nr^Ai^„\^ ^ul «r*«m,tl^,««,+;/«^rtZol«/^«^/^« «,u 

^i^^^«,SS.^fS^^^n. y^n, « cn. is cqual to or lower 1i>an an aUowaWe concentation 

tL^hShW S«^h!SSr? SfL set for eaS portion and a reduction in the iUuminance for 

i^^T^ ^ * eachportionMnbemanaged.Consequen11y,acircuitpattem 

diamber 4 (or flie Iowa- portion of the cover 4A) m Ibe 35 ^ v.v^u«^ik. u,, aj, i^um, 

t^^t rt.^, ^.A- ^-.'L can be stuck more reliably, and fuiUiennore, flie Ihrougl^mt 

present embodimait, their partial optical paflis may be used ^ ^ ^ manu&ctuiing an electonic device wtiie 

m a press^ reducing stage. Cjmequen^ even if the ^ g^dependeatiy managing the 

e}iposurebeamliasashortQ-wavdengtfa,ahi£hillunm]ance ™r iu,M,yt^a^^} Mxuuiae,'^ 

cTbe obtained on the wafer. concenlnition (amount) of fte absorphon substo 

Although the illuminating optical system 5 is accommo- 40 TZSE' S^f oCi'SSSS 
dated in one muminating system chamber 1 in the pres^ Z^^^^X^S^^c^^^^. 
embodiment, the inside of the illuminatmg system chamber ^yj^y «iuu puiuuu uc s^nuan^. 
1 may be divided into a plurality of partial optical paths and . Fu™ennore, accordmg to the exposure apparatus accord- 
an optical element constituting tiie iUuminating optical sys- ^ invention, tiie exposure method according 
tem 5may be provided mtiie partial optical path, hi tills 45 to tiie present mvention can be earned out. and accordmg to 
case, it is desirable timt the absorption substance or the manufacturing metiiod according to the present 
concaitrationoftiie purging gas should be managed for eadi invention, tiiere is an advantage of capable of mass- 
partial optical path. producmg vanous devices with high throughput. 

It is apparrat that the present invention can be applied to. The invention claimed is: . . . 

a projecting exposure apparatus of a full field exposure type so ^ exposure method which transfers a predetammed 

(stepper type) and an exposure apparatus using a proximity ^^9 5 substrate by usmg an e?^sure beam fiom an 

method as well as a projecting exposure apparatus of a exposure hght source, comprising: 

scanning and e^qwsing type. dividing an optical path of the exposure beam from the 

Moreover, tiie present invention can also be applied to tiie exposure light source to tiie substrate into a plurality of . 

case in which an extreme ultraviolet Ught (EUV light) 55 Partial optical paths having lengtiis different from one 

having a wavelength of approximately 100 nm or less such another; 

as soft X-rays is used as an exposure beam, and similarly, to respectively setting allowable concentrations of absorp- 

an electron beam transfer apparatus using an electron beam tion substance, which absorbs the exposure beam, in 

as the exposure beam. In the case in which the EUV light or the plurality of partial optical paths depending on a 

the electron beam is to be used, the optical path of the 60 length of each of the partial optical paths; and 

exposure beam is to be vacuum. Aknost all materials in the managing concentrations of the absorption substance in 

outside air become the absorption substances, and the the plurality of the partial optical paths independentiy 

mechanism of the whole apparatus can be simplified by of each other in order for the concentrations of the 

inanaging the concentrations of tiie absorption substances absorption substance m the plurality of tiie partial 

every partial optical path of the exposure beam. 65 optical paths to be respectively equal to or lower than 

Moreover, tiie projecting exposure apparatus according to the set allowable concentrations of the absorption sub- 

flie embodiments adjusts the illuminating optical system and stance in the pluraHty of the partial optical paths. 
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2. An exposure method as recited in claim 1, wherein a 
gas which is transparent with respect to the exposure beam 
is supplied to at least a part of the plurality of the partial 
optical paths for the exposure beam. 

3. An exposure method as recited in claim 1, wherein the 5 
exposure beam is a light in a vacuum ultraviolet region, and 
the absorption substance is oxygen, water or carbon dioxide. 

4. A method of manufacturing a device, comprising 
transferring a predetermined pattern onto the substrate in a 
state that an illuminance of an exposure beam is managed on 
the substrate by using the e^^sure method as recited in 
claim 1. 

5. An exposure method as recited in claim 1, wherein the 
set allowable concentrations of the absorption substance are 
difTermt torn each other for ever^ partial optical patii. 

6. An exposure mettK>d as lecited in daim 5, wherein 
when the concentration of the absorption substance in at 
least one of the plurality of the partial optical paths is equal 
to or more than the set allowable concentration tiiereoC the 
transfer operation is stopped 

7. An ensure method as recited in claim 1, wherem 2O: 
gases which are transparent with respect to the ensure 
beam are respectively supplied to tiie plurality of the partial . 
optical paths, and kinds of the gases are different fiom one 
another depending on lengths of the partial optical paths. 

8. An' exposure method as recited in daim 7, wherdn a 25 
helium gas is supplied to a space of tiie partial optical path 
having a Icnig length and a nitrogen gas is siq^ 

of the partial optical patii having a short lengtiL 

9. An e?Eposure metiiod as recited in claim 1, wherdn the 
optical path ofthee?qx>sure beam includes an optical path of 30 
an illuminating system which illuminates a mask on which 
tiie pratetomined pattern is formed, an optical patii of a 
projecting optical system whidi transfers the predetermined 
pattern onto the substrate, an optical patii between tiie 
illuminating system and the projecting optical system and an 35 
optical path between the projecting optical system and the 
substrate. 

10. An ej^sure method as recited in claim 9, wherdn the 
optical path between the illuminating system and the pro- 
jecting optical system is shorter than tiie optical path of tiie 40 
illuminating system. 

11. An exposure metiiod as recited in claim 10, wherein 
outside air flows into the optical patii between tiie illumi- 
nating system and the projecting optical systan more easily 
than tiie optical path of the illuminating system. 45 

12. An exposure metiiod as recited in claim 9, wherein the 
optical path betweoi the projecting optical system and tiie 
substrate is shorter tiian tiie optical patii of the projecting 
optical system. 

13. An exposure method as recited in claim 12, wherein 50 
outside air flows into the optical path between the projecting 
optical system and the substrate more easily than the optical 
path of tiie projecting optical system. 

14. An exposure metiiod as recited in claim 1, wherein the 
allowable concentrations of tiie absorption substance is set 55 
in order for allowable absorptances of the exposure beam in 
the plurality of the partial optical patiis to be constant, 

15. An exposure method as recited in claim 1, wherein a 
gas which is transparent with respect to the exposure beam 

is supplied to each of the plurality of the partial optical patiis, 60 
and the concentrations of the absorption substance are 
managed by exhausting the absorption substance outside the 
partial optical paths together with the transparent gas. 

16. An exposure method which irradiates an e?qposure 
beam flom an exposure light source onto a mask through an 65 
illumination system and transfers a patter of tiie mask onto 

a substrate through a projecting optical system, comprising: 



dividing an optical patii of tiie exposure beam from the 
exposure light source to the substrate into a plurahty of 
partial optical patiis including an illumination system 
portion in tiie illumination system, a mask operating 
portion provided around the mask, a projecting optical 
system portion including at least a part of tiie projecting 
optical system and a substrate operating portion includ- 
ing an upper portion of the substrate; 

respectively setting allowable concentrations of absorp- 
tion substance, which absorbs the exposure beam, in 
tiie plurality of tiie partial optical paths depending on a 
lengtii of each of tiie partial optical patiis; and 

managing concentrations of tiie absorption substance in 
tiie plurality of the partial optical paths independentiy 
of each otiier in order for tiie concentrations of tiie 
absorption substance in tiie plurality of the partial 
optical patiis to be respectively equal to or lower than 
the set allowable concentrations of the absorption sub- 
stance in the plurality of the partial optical paths, 

17. An exposure m^od as redted in claim 16, wherein 
tiiere is provided a delivery space which ddivers the mask 
fix)m a mask library to the mask oponting portion, and in the 
delivery space, a concentration of the absorption substance 
is managed indq)endentiy of the concentrations of the 
absorption substance of the partial optical patiis induding 
the mask operating portbn 

18. An exposure metiiod as redted in clalin 17, wherein 
in the space of the mask library, a concentration of the 
absorption substance is managed independentiy tiom tiiat of 
tiie delivery space. 

19. An ensure metiiod as redted in claim 16, whmin 
a gas whidi is transparent witii respect to the exposure beam 
is supplied fiom the projectii^ optical system side to 
between the projecting optical system and tiie substrate, and 
tiie gas is discharged from the substrate side. 

20. An exposure method as redted in claim 19, wherein 
a ratio of tiie supply of the gas is smaller than that of 
discharge of tiie gas. 

21. An exposure inethod which transfers a predetermined 
pattem onto a substrate by using an ejqwsure beam fix>m an 
exposure light source, comprising: 

dividing an optical path of the e?q>osure beam from the 
exposure light source to the substrate into a plurality of 
partial optical patiis having lengths different fiom one 
anotiier, 

respectively setting allowable absorptances of the expo- 
sure beam depending on a lengtii of each of the partial 
optical paths; and 

managing concentrations of an absorption substance, 
which absorbs the exposure beam, in tiie plurality of the 
partial optical paths independentiy of each other in 
ordo: for absorbance of the ejqwsure beam in the 
plurality of the partial optical patiis to be the set 
allowable absorptances of tiie exposiu'e beam in the 
plurality of tiie partial optical paths. 

22. An exposure method which transfers a predetermined 
pattem onto a substrate by using an exposure beam from an 
exposure light source, comprising: 

dividing an optical patii of the exposure beam from the 
exposure light source to the substrate into a plurality of 
partial optical paths, said plurality of partial optical 
patiis respectively including absorption substance 
therein, which absorbs the exposure beam; 

respectively supplying a gas which is transparent with 
respect to the exposure beam to each of tiie plurality of 
tiie partial optical paths; 
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respectively setting concentrations of the gas in the plu- 
rality of the partial optical paths depending on a length 
of each of the partial optical paths; and 

managing concentrations of the absorption substance in 
the plurality of the partial optical paths independently 5 
of each other in order for concentrations of the gas in 
the plurality of the partial optical paths to be set 
concentrations of the gas in the plurality of the partial 
optical paths. 

23. An exposure method as recited in claim 22, wherein 
the optical path of the exposure beam includes an optical 
path of an illuminating system which illuminates a mask on 
which the predetennined pattern is formed, an optical path 
of a projecting optical system which transfers the predeter- 
niined pattern oitto the substrate, an optical path between tiie 
ill uminating system and the projecting optical system and an 
optical path t)etwe^ the projecting optical system and &e 
substrate. 

24. An exposure mediod as recited in claim 23, wherein 
the optical path between the illuminating system and the ^ 
projecting optical system is shorter than ti^e optical path of 
the illuminating system. 

25. An exposure method as recited in claun 24, wherdn 
outside air flows into the optical path between tiie illumi- 
nating system and the proje^ing opticd system more easily 2s 
fbm the optical path of the illuminating system. 

26. An eT^osure method as recited in claim 23, wherein 
&e optical pa& between the projecting optical sy^stean and 
the substrate is shorter than the optical path of flie projectmg. 
optical system. 

27. An e7q)osure method as recited in claim 26, wherein 
outside air flows into the optical path between the projecting 
optical systan and the substxate more easily tiian the optical 
IKith of tiie projecting optical system. 

28. An e7q)osure mefliod as redted m claim 22. wherein 
the concoxtrations of the absorption substance are managed 
by exhausting the absorption substance outside the partial 
optical paths together \^ tiie transparent gas. 

29. An exposure apparatus whidi transfers a predeter- 
mined pattern onto a substrate by using an exposure beam 
fixtm an exposure light source, comprising: 

a plurality of chambas which divide an optical path of the 
e:qx)sure beam tiiom the eT^sure Hght source to the 
substrate into a plurality of partial optical paths having 
lengths different from one another and which covers the 45 
plurality of the partial optical paths to substantially 
isolate the plurality of the partial optical paths from 
outside air, respectively; and 

a controller which is connected to the plurality of cham- 
bers and which manages concentrations of an absorp- 50 
tion substance, which absorbs the exposure beam, in 
the plurali^ of the chambers independentiy of each 
other in order for concentrations of the absorption 
substance in the plurality of the partial optical paths to 
be respectively equal to or lower than set allowable 55 
concentrations of the absorption substance in the plu- 
rality of the partial optical paths. 

30. An exposure apparatus as recited in claim 29, further 
comprising: 

concentration sensors which are disposed in the plurality eo 
of the chambers and which measure the concentrations 
of the absorption substance in the plurality of the 
chambers; and 

an eliminator which is connected to the controller and 
which eliminates the absorption substance in the plii- 65 
rality of the chambers accordmg to the result of mea- 
surement of the concentration sensors. 



31. An exposure apparatus as recited in claim 30, wherein 
the controller stops the transfer operation when the concen- 
tration of the absorption substance in at least one of the 
pluraUty of the chambers is equal to or higher than a 
predetermined allowable concentration. 

32. An exposure apparatus as recited in claim 29, wherein: 
the predetermined pattem is a pattern formed on a mask; 
the pattem of the mask is transferred onto the substrate 

tiuough a projecting optical system; and 
tiie plurality of the chambers include a first chamber 
which covers an illuminating system portion in an 
illuminating system for the exposure beam, a second 
chamber which covers a mask operating portion around 
the mask, a thkd chamber which covers a projecting 
optu:al system portion including at least a part of the 
projecting optical system, and a fourth chamber whidi 
covers a substrate operating portion including an upper 
portion of the substrate. 

33. An e?^sure apparatus as recited in claim 29, further 
con^nising a supply device which is connected to the 
plurality of the chambers and which respectively supplies 
gases which are transparent with respect to the e?(posure 
beam to the plurality of tiie partial optical paths. 

34. An exposure apparatus as recited m daun 29, further 
ccn^nising a mask library which accommodates a mask, 
wherem the controller manages a concentration of an 
absorption substance m a delivery space betwem tiie mask 
library and the second chamber. 

35. Ane7q)osure apparatus as redted in claim 34, wherein 
the controller manages a concentration of an absorption 
substance in a space of the mask Hbra:^^. 

36. Ane^qMSure apparatus as redted in claim 29, wherein 
the controller sets allowable cono^trations of the absorption 
substance in order for allowable absorptances of the en- 
sure beam m the plurality of the partial optical paths to be 
constant. 

37. An ejqwsure ^aratus which transfers a predeter- 
mined pattem onto a substrate by using an exposure beam 
from an e^qwsure light source, comprising: 

a plurality of diambos which divide an optical path of the 
e?qx)sure beam from the exposure li^t source to the 
substrate into a plurality of partial optical paths having 
lengflis different from one another and which cover the 
plumHty of partial optical paths to substantially isolate 
tiie plurality of the partial optical paths from outside air, 
respectively; 

a siqjply device which is connected to tiie plurality of the 
chambers and which supplies a gas which is transparent 
with respect to the exposure beam to eadi of the 
plurality of tiie chambers; and 

a controller which is connected to tiie plurality of the 
chambers and which managed concentrations of 
absorption substance, which absorbs the exposure 
beam, in the plurality of the chambers mdependently of 
each otiier in order for concentrations of the gas in the 
plurality of the partial optical paths to be concentrations 
of the gas in the plurality of the partial optical paths 
which have been set depending on a lengtii of each of 
the partial optical paths, 

38. An exposure apparatus as recited in claim 37, further 
comprising: 

concentration sensors which are disposed in the plurality 
of chambers and which measure the concentrations of 
the absorption substance in the chambers, and 

an eliminator which is connected to tiie controller and 
which eliminates the absorption substance in the plu- 
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rality of the chambers according to the measurement 
result of the concentration sensors. 

39. An exposure apparatus as recited in claim 37, wherein; 

the predetermined pattern is a pattern formed on a mask; 

a pattem of the mask is transferred onto the substrate ^ 
tlu-ough a projecting optical system; and 

the plurality of the chambers include a first chamber 
which covers an illuminating system portion in an 
illuminating system for the exposure hem, a second 
chamber which covers a mask operating portion around 
the mask, a third chamber which covers a projecting 
optical system portion including at least a part of the 
projecting optical system, and a fourtii chamber which 
covers a substrate operating portion inchidiog an 
portion of the substate. 

40. An exposure apparatus as redted in claim 37, wherein 
the controller stops the transfer operation when die concen- 
trations of the absorption substance included in the trans- 
parent gas becomes equal to or larger than a predetermined 20 
value in at least one chamber of the polarity of the chambers. 

41. An exposure method, comprising transtoing a pre- 
determined pattem onto a substrate by using an e3q>osure 
beam &om an exposure light source, wherein: 

an optical path of the e?q)osure beam from the exposure 25 
li^t source to the substrate i& divided into a plurality 
of partial optical paths having IsDgjbs difTeroit from 
one another, 

allowable concentrations of absorption substance, which 
absorbs the e?^sure beam, in the plurality of the 30 
partial optical paths are respectively set dependiog on 
a length of each of the partial optical paths; and 

concentrations of the absorption substance in the plurality 
of the partial optical paths are managed independently 
of each other, in order for the concentrations of the 
absorption substance in the plurality of the partial 
optical paths to be respectively equal to or lower than 
the set allowable concentrations of the absorption sub- 
stance in the plurality of the partial optical paths. 

42. An exposure method comprising irraidiating an ejqx)- 
sure beam from an exposure light source onto a mask 
through an illumination system so as to transfer a pattem of 
the mask onto a substrate through a projectii^ optical 
system, wha:dn; 

an optical path of the exposure beam from the e^qwsure 
light source to the substrate is divided into a plurality 
of partial optical paths including an illumination sys- 
tem portion in the illumination system, a mask operat- 
ing portion provided around the mask, a projecting 
optical system portion including at least a part of the 
projecting optical system and a substrate operating 
portion including an upper portion of the substrate; 



allowable concentrations of absorption substance, which 
absorbs the exposure beam, in the plurality of the 
partial optical paths are respectively set depending on 
a length of each of the partial optical paths; and 

concentrations of the absorption substance in the plurality 
of the partial optical paths are managed indej)endently 
of each other in order for the concentrations of the 
absorption substance in the plurality of the partial 
optical paths to be respectively equal to or lower than 
the set allowable concentrations of the absorption sub- 
stance m the plurality of the partial optical paths. 

43. An exposure method, comprising transferring a pre- 
determmed pattern onto a substrate by using an exposure 
beam from an exposure light source, wherein: 

an optical path of the exposure beam from the e7qK)sure 
light source to tiie substrate is divided into a plurality 
of partial optical paths having lengths different from 
one another, 

allowable absorptances of the esqposure beam are respec- 
tively set depending on a length of each of the partial 
optical paths; and 

concentrations of an absorption substance, which absorbs 
the exposure beam, in the plurality of the partial optical 
paths are managed independmtly of each other m order 
for absorptance$ of tiie exposure beam in the plurality 
of the partial optical paths to be the set allowable 
absorptances of the exposure beam in the plurality of 
the partial optical pafrLs. 

44. An exposure method, comprising trans&rring a pre- 
detomined pattern onto a substrate by using an exposure 
beam from an ensure light source, wherdn: 

an optical path of the e:qx>sure beam from the e;qx)sure 
light source to the substrate is divided into a plurality 
of partial optical paths, said plurality of partial optical 
paths respectively including/ absorption substance 
therem, whidi absorbs the exposure beam; 

a gas which is transparent with respect to the ejqwsure 
beam is siqjphed to each of the plurality of the partial 
optical paths; 

concentrations of the gas in the plurality of the partial 
optical paths are respectively set dq)ending on a length 
of each of the partial optical paths; and 

concentrations of the absorption substance in the plurality 
of the partial optical paths are managed independently 
of each oth^ in order for concentrations of the gas in 
tiie plurality of the partial optical paths to be the set 
concentrations of the gas in the plurality of the partial 
optical paths. 



